To compare the safety and efficacy of intravenous (IV) ciprofloxacin plus IV metronidazole (CIPϩMET) with that of IV piperacillin/tazobactam (PIP/TAZO) in adults with complicated intraabdominal infections, and to compare the efficacy of sequential IV-to-oral CIPϩMET therapy with that of the IV CIPonly regimen.
The treatment of intraabdominal infection is challenging because of their polymicrobial nature [1] [2] [3] and accompanying death and complications. Treatment may be further complicated by bacteriologic resistance issues, such as the large number of ␤-lactamase-producing Enterobacteriaceae present in intraabdominal infections. For most episodes, antimicrobial regimens usually involve combination therapy, 4 -11 although several monotherapy approaches have been studied. 5, 6, [12] [13] [14] [15] Ciprofloxacin (CIP), a 1-cyclopropyl fluoroquinolone, has excellent activity against aerobic gram-negative facultative microbes commonly associated with intraabdominal infections 16, 17 and also penetrates well into the peritoneal cavity. 18, 19 In this study, CIP was used in combination with metronidazole (MET), which has proven efficacy in the treatment of intraabdominal infections. 13 One important advantage of CIPϩMET combination therapy over conventional antibiotic regimens is that it permits patients to be switched from intravenous (IV) to oral therapy, thus maintaining the same antibiotic class and providing consistent susceptibility. Because of the excellent bioavailability of CIP (70%), 20 oral CIP 500 mg twice daily is bioequivalent to 400 mg of intravenous CIP q12h. 19 Treatment of serious abdominal infections with oral therapy can allow recovery at home, potentially lowering the risk of acquiring a nosocomial or IV catheter-related complication. Obviously, limiting the duration of hospital stay and also antimicrobial costs is desirable in the current healthcare environment.
The primary objective of this study was to compare the efficacy of IV CIPϩMET with IV piperacillin/tazobactam (PIP/TAZO) for the treatment of complicated intraabdominal infections. A secondary goal was to compare the efficacy of IV CIPϩMET alone with sequential IV-to-oral CIPϩMET therapy. We hypothesized that CIPϩMET would provide equivalent clinical resolution to the PIP/ TAZO regimen.
METHODS

Study Design and Enrollment Criteria
This prospective, randomized, double-blind, multicenter clinical trial was conducted between September 1995 and May 1997. The protocol was approved by the institutional review board of each collaborating institution. Inpatients at least 18 years old with complicated intraabdominal infection requiring surgical intervention or percutaneous drainage in addition to parenteral antibiotics were eligible for entry into the study. Major reasons for exclusion from this trial included allergy, renal insufficiency, an indwelling peritoneal catheter, ascites with spontaneous bacterial peritonitis, abdominal infection secondary to acute pancreatitis, perforated peptic ulcer or traumatic upper gastrointestinal tract perforation of less than 24 hours' duration, and lower gastrointestinal tract perforation of less than 12 hours' duration. Patients were also excluded if their Acute Physiology and Chronic Health Evaluation (APACHE) II score was more than 30, if they were not expected to survive 48 hours, and if they had been given prior antibiotic therapy for this intraabdominal infection episode for 24 hours. Pregnant women or women who were breast-feeding were also excluded.
Randomization and Treatment Regimen
Once patients provided written informed consent, a pretherapy medical history was taken and a physical examina-tion performed. Clinically relevant radiologic procedures were obtained, blood and urine samples were taken, and an APACHE II score was calculated. Specimens for culture and Gram stain were obtained during the surgical procedure. Patients with susceptible bacterial pathogens were assessed for microbiologic response. Susceptibility of isolated and identified aerobic and anaerobic organisms was determined using standard methods. 21, 22 On enrollment, patients were stratified by the presence or absence of appendicitis. Patients were then randomized to receive either IV CIP (400 mg q12h) plus MET (500 mg q6h) or IV PIP/TAZO (3.375 g q6h). CIP was provided as Cipro IV or tablets (Bayer Corp., Pharmaceutical Division, West Haven, CT); MET was provided as an IV solution or as tablets (Lemmon Co., Kansas City, MO, or Rhone-Poulenc Rorer, Collegeville, PA); and PIP/TAZO ( Zosyn [United States], or Tazocin [Canada], Lederle Laboratories, Pearl River, NY) was provided as an IV solution. Patients were randomized to receive the study drug either before surgery or after postoperative confirmation of infection.
After 48 hours of IV therapy, the patient was switched to oral therapy if the investigator determined that the patient had a functioning gastrointestinal tract and had clinically improved. Patients receiving CIPϩMET IV were given CIPϩMET orally and an IV placebo infusion to maintain the blind. Patients not switched to an oral regimen continued to receive CIPϩMET IV. Patients assigned to the PIP/ TAZO IV therapy continued on this regimen if they were not considered candidates for oral therapy. However, if they were considered candidates for oral therapy, CIPϩMET oral placebo was given to maintain the blind along with PIP/TAZO IV.
If antibiotics were still required at the time of hospital discharge, at the discretion of the physician, patients were prescribed antibiotics in an unmasked fashion. However, the overall treatment with antibiotics was not to exceed 14 days from the start of therapy.
Patients receiving at least one dose of a study drug were included in the intent-to-treat (safety) population. Safety of the study drug treatments was monitored by clinical and laboratory evaluation. Adverse events were classified subjectively by the investigator using his or her clinical expertise according to severity (mild, moderate, severe) and relation to the study drug (probable, possible, remote, none or not assessable).
Efficacy-Valid Criteria
To be considered for the efficacy-valid population, the following criteria were necessary: satisfied the aforementioned inclusion/exclusion criteria; study drug administered for at least 3 days for patients with appendicitis and 5 days for all other diagnoses, unless the patient failed to respond to treatment; and all predetermined clinical evaluations (if applicable) were completed. The microbiologically valid population included patients with a pretherapy intraabdomi-
Sequential Ciprofloxacin in Complicated Intraabdominal Infections nal pathogen. In addition, organisms had to have been isolated 24 hours before enrollment or within 48 hours of starting the study drug and had to be susceptible to both CIP and PIP/TAZO. Microbiologically valid patients could not have received concomitant antibacterial agents during the study or the posttherapy follow-up period, and all predetermined follow-up cultures had to be obtained, if clinically indicated. Patients were not excluded if they received a narrow-spectrum or nonsystemic antibiotic for an infection at a separate site.
Clinical Response
Patients were evaluated for clinical response by the investigator on the day therapy was switched from IV to oral therapy, on the day of hospital discharge (end of masked study drug therapy), and at the end of unmasked study drug therapy. Clinical responses were defined as follows:
• Resolution: disappearance of signs and symptoms associated with an intraabdominal infection • Improvement: significant improvement in signs and symptoms • Failure: worsening or no significant change in the signs and symptoms
• Indeterminate: patient died of another underlying condition, an inadequate surgical procedure, or no evaluation was completed.
A clinical evaluation was also completed at the 3-to 5-week posttherapy follow-up visit (1-3 weeks for appendicitis) and categorized as continued resolution (continued absence of signs and symptoms), relapse (return or worsening of signs and symptoms), or indeterminate (previous definitions not applicable).
The primary efficacy variable was defined as the proportion of efficacy-valid patients having an overall clinical response of resolution at both end of therapy and follow-up. The overall clinical response was defined as the worst evaluation obtained at either the end of therapy or the posttherapy follow-up visit. In addition, the response was considered an overall clinical failure if a wound infection, regardless of clinical response, developed at any time during therapy through the 3-to 5-week posttherapy follow-up visit.
Bacteriologic Response
The bacteriologic response for patients with a pretherapy intraabdominal infection was defined as follows:
• Eradication: no organisms present • Presumed eradication: not possible to obtain material for culture from a patient who had responded clinically to therapy
• Persistence: original causative organism still present • Presumed Persistence: not possible to obtain material for culture from a patient who had not responded clinically to therapy • Indeterminate: no bacterial evaluation possible, including organisms that were resistant to the study drug.
Superinfection was defined as the isolation of a new organism during the treatment period at a site other than the primary site of infection (excluding wound infection).
Using these definitions, bacteriologic success at the end of therapy was defined as eradication plus presumed eradication versus persistence. At posttherapy follow-up, bacteriologic success was defined as eradication versus eradication with relapse, and eradication versus eradication with reinfection.
Postsurgical Wound Infections
Investigators subjectively recorded postoperative wound infections based on their clinical experience as purulent, superficial cellulitis, or deep wound infection at the primary surgical sites. In addition, the type of wound closure used (i.e., primary [wound closed at time of surgery], delayed primary [attempt made to close wound 72-96 hours after surgery], or secondary [wound allowed to close on its own]) was also recorded.
Statistical Analysis
For demographic and baseline medical characteristics, a chi-square procedure was used to test for differences between groups for the categorical variables. For continuous variables, a one-way analysis of variance model, with a term for treatment, was used.
Two-sided 95% confidence intervals (CI) were constructed to detect differences in clinical and bacteriologic response rates between treatment groups. A Mantel-Haenszel weighting procedure was used, weighted by stratum.
With the sample size enrolled and the actual success rates of the study drugs, for the total efficacy-valid population the study had 90% power to detect equivalence and 65% power to detect equivalence in the IV-to-oral therapy subgroup (ϰ ϭ 0.025, one-sided). The maximal allowable difference between the success rates of the two treatment groups to determine equivalence was 20%.
RESULTS
Four hundred fifty-nine patients were enrolled from 34 centers in the United States and Canada (235 CIPϩMET IV, 224 PIP/TAZO IV). All patients (except one from the PIP/ TAZO group who failed to receive study medication) were valid for safety. One hundred fifty-one (64%) patients who received CIPϩMET and 131 patients who received PIP/ TAZO (58%) were valid for efficacy. The primary reasons for the exclusion of the 177 patients were entry criteria violation and incomplete clinical evaluations (Table 1 ).
Premature discontinuation of study drug for any reason was similar in both groups: 34% for the PIP/TAZO group, 28% for the CIPϩMET group (P ϭ .120). Discontinuations resulting from adverse events (6% CIPϩMET, 7% PIP/ TAZO) and insufficient therapeutic effect (8% each group), the primary reasons for early study drug withdrawal, were similar between the two groups.
Demographic Information
For the efficacy-valid population, the two treatment groups were similar with respect to demographic ( Table 2) and intraabdominal infection characteristics (Table 3 ). Appendicitis was the most common diagnosis. The APACHE II scores of the patients with appendicitis were lower, indicating less severe illness, than the scores for all patients together. The demographic and baseline infection characteristics for patients valid for safety were similar to those of the patients valid for efficacy, with no significant differences in any categories (data not shown). The proportions of patients with septicemia in the two treatment groups were equivalent, with 3% in the CIPϩMET group and 5% in the PIP/TAZO group.
Efficacy Results: Clinical Response
The overall clinical response of resolution was 74% in CIPϩMET patients and 63% in PIP/TAZO patients (95% CI, 0.3-23.1%; P ϭ .047) ( Fig. 1 ). For the subgroup with appendicitis, 88% of CIPϩMET patients demonstrated overall clinical resolution, compared with 64% of PIP/ TAZO patients. Patients without appendicitis had similar overall clinical resolution rates.
In the intent-to-treat analysis, an overall clinical response of resolution demonstrated the two regimens to be equivalent: 75% (132/176) for CIPϩMET versus 69% (111/161) for PIP/TAZO (95% CI, Ϫ3.4 -15.6%; P ϭ .213). 
End-of-Therapy Bacteriologic Response Efficacy Results
End-of-therapy bacteriologic eradication rates were similar between the groups: 77% for CIPϩMET and 71% for PIP/TAZO (95% CI, Ϫ5.1-19.4%) (Fig. 2 ). For patients with appendicitis, bacteriologic eradication was achieved in 84% of CIPϩMET patients versus 74% of PIP/TAZO patients. For the nonappendicitis stratum, bacteriologic success rates were 74% for CIPϩMET versus 68% for PIP/ TAZO.
The end-of-therapy bacteriologic success rates for all patients valid for safety was similar to that for the efficacyvalid population: 107/138 (78%) CIPϩMET, 100/131 (76%) PIP/TAZO.
Pretherapy Pathogens and Eradication Rates by Pathogen
The most common pathogen isolated before therapy was Escherichia coli (22% 92 ⁄421 CIPϩMET, 23% 82 ⁄357 PIP/ TAZO). Bacteroides fragilis was the next most commonly recovered pathogen (9% CIPϩMET, 10% PIP/TAZO), followed by Streptococcus viridans (7% CIPϩMET, 7% PIP/ TAZO), Enterococcus spp (5% CIPϩMET, 6% PIP/ TAZO), Klebsiella pneumoniae (6% CIPϩMET, 4% PIP/ TAZO), and Pseudomonas aeruginosa (3% CIPϩMET, 4% PIP/TAZO). The eradication rates for these organisms are shown in Table 4 . Most patients (74%) had multiple causative organisms identified before therapy (mean 3.2 organisms).
Superinfections and Reinfections
Of all efficacy-valid patients, nine CIPϩMET patients had at least one superinfecting organism and four had at least one reinfecting organism at the intraabdominal site. The corresponding numbers for the PIP/TAZO group were eight and five. No specific organism was responsible for more than two reinfections, and only E. coli caused superinfections in more than two patients.
IV-to-Oral Switch: Clinical and Bacteriologic Success Rates
Efficacy-valid patients considered suitable for IV-to-oral switch therapy included 64% (96/151) CIPϩMET patients and 57% (75/131) PIP/TAZO patients; 23 patients had indeterminate clinical responses. For the IV-to-oral subgroup, CIPϩMET patients had a significantly higher overall clinical success rate of 85% (69/81) compared with 70% (28/39) for PIP/TAZO patients (95% CI, 1.6 -28.7%; P ϭ .028). In patients with appendicitis, the success rates were 89% (24/27) for CIPϩMET patients and 68% (19/28) for PIP/TAZO patients. Patients without appendicitis had clinical success rates of 83% (45/54) for CIPϩMET and 72% (28/39) for PIP/TAZO. Bacteriologic eradication rates for patients switched to oral therapy were 91% (53/58) for CIPϩMET and 80% (43/54) for PIP/TAZO (95% CI, Ϫ1.3-24.9%). For the appendicitis subgroup, the CIPϩMET group had similar bacteriologic eradication rates to the PIP/TAZO group (86% 18 ⁄21 vs. 79% 15 ⁄19). Corre- sponding rates for those without appendicitis were 95% (35/37) and 80% (28/35).
Wound Infections and Failures
In total, wound infections developed in 11% ( Rates of wound infection stratified by closure type are shown in Table 5 . For the efficacy-valid population, primary wound closure (40%) was the most common type of wound closure used. No clear relation between infection rate and the timing of wound closure was seen.
Wound infection alone was responsible for four clinical failures (11%) in the CIPϩMET group and five (12%) in the PIP/TAZO group. However, clinical failure plus a wound infection was present in 12/35 (34%) of the CIPϩMET patients and 20/43 (47%) of the PIP/TAZO patients.
Length of Hospital Stay and Length of Therapy
For the efficacy-valid population, the mean length of hospital stay was 14 days for the CIPϩMET group and 17 days for the PIP/TAZO group. This difference in length of stay was weighted toward patients with a long length of stay (Ͼ21 days): 15% (23/151) CIPϩMET versus 21% (28/131) PIP/TAZO.
The mean total duration of treatment for efficacy-valid patients receiving only IV study drug was 9 days for the CIPϩMET group and 10 days for the PIP/TAZO group. For those switched to oral therapy, the mean total duration of therapy was 10 days for CIPϩMET and 11 days for PIP/ TAZO. The corresponding mean length of oral therapy was 6 and 7 days.
Unmasked Study Drugs
Forty-six of 151 (30%) CIPϩMET patients and 39 of 131 (30%) PIP/TAZO patients received antimicrobial agents during the unmasked phase of the study. Specifically, 34 of 46 (74%) CIPϩMET patients and 25 of 39 (64%) PIP/ TAZO patients received CIP (oral or IV). Further, 31 of 46 (67%) CIPϩMET patients and 24 of 39 (62%) PIP/TAZO patients received MET (oral or IV). Amoxicillin/clavulanic acid was prescribed for 6 of 46 (13%) CIPϩMET patients and 5 of 39 (13%) PIP/TAZO patients. For patients receiving unmasked drug, the mean total duration of therapy (masked plus unmasked) was 13 days in each treatment group. The mean length of unmasked therapy was 6 days for CIPϩMET patients and 7 days for PIP/TAZO patients.
Clinical success rates were higher for patients treated with unmasked study drugs (85% CIPϩMET vs. 72% PIP/ TAZO). Of the patients who did not receive unmasked study drug, 70% of CIPϩMET and 60% of PIP/TAZO patients achieved clinical success.
Adverse Events
Four hundred fifty-eight patients made up the safety population (235 CIPϩMET, 223 PIP/TAZO). The most common drug-related events for CIPϩMET were nausea (14%), diarrhea (7%), and vomiting (7%). For PIP/TAZO patients, nausea (17%), diarrhea (6%), and rash (5%) were reported most often.
Fourteen CIPϩMET patients and 16 PIP/TAZO patients discontinued therapy or changed antibiotic treatment as a result of adverse events. Most of the events causing discontinuation in the CIPϩMET group were related to injection site reaction or a digestive system event. Rash was the most common event leading to discontinuation in the PIP/TAZO group.
Of the 459 patients entered into this trial, 23 died (13 CIPϩMET, 10 PIP/TAZO) within 30 days of the start of the study. Of the patients who died in the CIPϩMET group, the investigator assigned the cause of death as accompanying disease in 11, and 1 each as bacterial infection plus accom- 
DISCUSSION
To our knowledge, this is the first clinical study comparing the safety and efficacy of CIPϩMET with PIP/TAZO therapy for the treatment of complicated intraabdominal infections. In this large prospective study of more than 280 efficacy-valid patients, CIPϩMET was found to be superior to PIP/TAZO in terms of overall clinical resolution. The serious nature of these infections was described by the mean APACHE II score for efficacy-valid patients of approximately 9.5, including two thirds of patients with a nonappendicitis diagnosis. A secondary finding was the lower postsurgical wound infection rate with CIPϩMET compared with PIP/TAZO therapy. More than 60% of efficacyvalid patients could be switched to oral therapy. In this patient subset, overall clinical response after sequential CIPϩMET therapy was also found to be superior to that of PIP/TAZO. Solomkin et al 13 reported that IV CIPϩMET, including an IV-to-oral subgroup, was at least as effective as imipenem/cilastatin for the treatment of complicated intraabdominal infections. Several previous studies have also shown PIP/TAZO to be an effective monotherapy for the treatment of intraabdominal infections when compared with either imipenem/cilastatin or gentamicin/clindamycin. 8, 10, 11 The current trial reconfirms the effectiveness of CIPϩMET versus a well-studied contemporary standard monotherapy (PIP/TAZO).
Although our results demonstrated that CIPϩMET was superior to PIP/TAZO in the treatment of intraabdominal infections, the overall clinical success rates were lower than anticipated (74% CIPϩMET, 63% PIP/TAZO). These relatively low cure rates were most likely related to the fact that only one third of the patients had appendicitis. For appendicitis patients, the overall clinical resolution rate was higher (89% CIPϩMET, 64% PIP/TAZO) than for the total efficacy-valid group. After a thorough review of the data, we could not identify any patient-or surgery-specific factors to explain the lower rates of success, especially for PIP/ TAZO patients with appendicitis. However, any evaluation of success using subjective measures of success such as clinical judgment, even if predefined, is less precise than one using objective measures. The trial avoided any bias in this subjective assessment through a double-blind design.
As anticipated, patients who were able to be switched to oral medication had higher overall clinical resolution rates in both treatment groups (85% CIPϩMET, 70% PIP/ TAZO) compared with patients who could not be switched (56% CIPϩMET, 53% PIP/TAZO). These findings are similar to the 86% overall clinical success rate found in the previous CIPϩMET trial. 13 Sixty percent of patients enrolled in this trial were considered oral therapy candidates by the investigator after only 48 hours of initial IV therapy. Although strict criteria for IV-to-oral conversion were not established in this study, and the switch was not subject to randomization, it is worth noting the relatively large percentage of potential candidates for oral therapy, coupled with the high overall clinical resolution rate observed in the oral CIPϩMET subgroup. As hospital and administration costs rise, physicians are under increasing pressure to lower costs, often by reducing the length of hospital stay and treatment-related expenses. The overall length of stay for CIPϩMET patients was 14 days versus 17 days for PIP/TAZO patients. The opportunity to discharge a patient early arises when patients are started on an IV antibiotic and are switched to oral therapy; this is possible with CIPϩMET because both are available in IV and oral formulations. Although this study did not prospectively address cost-effectiveness, a reduction in length of stay in the CIPϩMET group by 3 days could save money.
Wound infections are a costly sequela to intraabdominal surgery because they may extend the length of stay and increase antibiotic and other therapy costs. 23, 24 Our data suggest that CIPϩMET therapy provides high rates of clinical and bacteriologic success and may also reduce the incidence of wound infection (11% CIPϩMET vs. 19% PIP/TAZO; P ϭ .04). Because patients with wound infections were considered failures to respond in this study, the lower wound infection rates in the CIPϩMET patients would contribute to the higher clinical success rates found in these patients. Further, the clinical response of failure plus a wound infection was seen in 8% of CIPϩMET patients and 15% of PIP/TAZO patients.
The results of this study must be interpreted carefully, considering several limitations of the study design. The following scenarios may have affected the course of efficacy, sequelae, and the rate of adverse events:
• At discharge, approximately one third of patients in each treatment group received an antibiotic in unmasked fashion, including CIPϩMET.
• Pretherapy antibiotics were received by approximately 90% of patients.
• More CIPϩMET patients had delayed primary closure compared with PIP/TAZO patients (31% vs. 21%, respectively), and delayed primary closure is thought to reduce the risk of wound infection.
Although nearly equal proportions of patients received CIPϩMET as unmasked drug in both treatment groups, the influence of this treatment on overall clinical response can-not be fully ascertained. Nonetheless, the clinical success rates were higher for patients who received unmasked study drugs. The high use of pretherapy antibiotics could influence the efficacy outcomes and also the adverse event profile; however, the effect should be minimal because they were permitted for less than 24 hours.
In conclusion, the results of this study indicate that CIPϩMET (IV only or IV-to-oral switch) is a safe and effective treatment for complicated intraabdominal infections. For overall clinical response, CIPϩMET was found to be statistically superior to IV PIP/TAZO; bacteriologic response rates were equivalent between the two groups. Sequential (IV-to-oral) therapy with CIPϩMET is an attractive alternative to IV PIP/TAZO for patients who show initial clinical improvement and who have a functioning gastrointestinal tract, although the frequent use of unmasked oral antibiotic therapy at hospital discharge in both study groups demonstrates that oral therapy can follow any initial IV antibiotic choice. Further, sequential therapy may reduce the costs of therapy by decreasing the length of hospital stay and potentially by minimizing complications associated with IV therapy.
